Introduction and Aims. Recall bias is a concern in self-reported alcohol consumption, potentially accounting for varying risk estimates for injury in emergency department (ED) studies. The likelihood of reporting drinking for the same 6-h period each day of the week for a full week preceding the injury event is analysed among injured ED patients. Design and Methods. Probability samples of patients 18 years old and older were interviewed in two ED sites in Vancouver and one in Victoria, BC (n = 1191). Generalized estimating equation modelling was used to predict the likelihood of reporting drinking for the same 6-h period prior to the injury event for each day of the week, compared to day 7 as the reference recall day, for a full week preceding the event. Recall by frequency of drinking and frequency of heavy drinking was analysed. Results. Drinking was significantly more likely to be reported for each of the first 3 days of recall compared to 7-day recall and highest for 1-day recall (odds ration 1.55; = 0.002). Patients who reported ≥ weekly drinking and 5+ drinking < monthly were significantly more likely to report drinking for each of the first 3 days of recall (compared to 7-day recall). Discussion. Findings suggest the first 3 days prior to injury may be a less biased multiplematched control period than longer periods of recall in case-crossover studies. Conclusion. Length of accurate recall may be important to consider in case-crossover analysis and other study designs that rely on patient self-report such as the Timeline Followback. [Cherpitel CJ, Ye Y, Stockwell T, Vallance K, Chow C. Recall bias across 7 days in self-reported alcohol consumption prior to injury among emergency department patients. Drug Alcohol Rev 2017;00:000-000]
Introduction
A substantial literature exists, documenting the association between alcohol consumption and injury based on emergency department (ED) studies of drinking within a 6 h period prior to the event. The magnitude of risk for injury in these studies has been found to vary depending on the study design [1, 2] and despite the fact that these studies have used standard protocols and instrumentation assuring representative samples of ED patients [3, 4] . Many of these studies have used case-crossover designs [5, 6] in which injured patients serve as their own controls, which eliminates potential confounding from stable within-person factors [7, 8] . Case-crossover studies are also less expensive to conduct because analysis is conducted only on injured patients, negating the need for recruiting control subjects.
One issue that has been a concern in case-crossover analysis, however, is that of recall bias related to selfreported drinking in the chosen control period, derived from a pre-determined 6 h time period matched to the 6 h period prior to the patient's injury [7, [9] [10] [11] [12] . Typically, this pair-matched control period has been based on the same 6 h period the previous day or the previous week. Findings based on these two control periods have generated mixed results [8, 10, 13, 14] ; however, potential bias inherent in longer versus shorter recall periods has received little empirical attention outside of national surveys, which have found that self-reported consumption based on yesterday provides higher estimates than that based on a longer period of recall [15] [16] [17] .
Another related concern with the case-crossover design is that alcohol consumption often varies by day of the week, potentially resulting in decreased likelihood of reporting drinking if the day before injury falls, for example, on a Thursday, compared with likelihood of reporting drinking 1 week earlier on a Friday, and this must also be taken into account in selection of the best control period [18] . A study of effectiveness of brief intervention in the ED found, controlling for day of the week, that reported consumption decreased by increasing length of the recall period, but the deterioration in recall was only significant for infrequent drinkers (those reporting drinking no more than 4 days per week) [19] . The design of that study was different than other ED studies on risk of injury from alcohol consumption, however, with total consumption obtained for a 24 h period, rather than a 6 h period, and measured by a 7 day retrospective diary.
Another ED study examining recall bias for the day prior to injury compared with the week prior across six countries found no difference between the two control periods (although some cross-country variation did exist, with a greater likelihood of reporting drinking the day before for one country and a diminished likelihood for two of the countries) or difference by patients' usual frequency of drinking [14] . Potential differential recall bias associated with frequency of drinking is important because estimates of risk are based on discordant pairs, with those reporting drinking at both time periods, as well as those reporting not drinking at both time periods, excluded from analysis. Quantity of drinking prior to the event may also be important in recall. One ED study found that risk estimates were larger based on 7 day recall compared with 1 day recall mainly for 1 drink and 2-3 drinks, with less discrepancy in risk between the two recall periods for 4-5 and 6+ drinks, suggesting that the recall bias may be inversely related to quantity consumed prior to injury [8] .
Another ED study found that average consumption per day decreased over an 8 day period based on total daily consumption, while recall of drinking for the same 6 h period, corresponding to the 6 h prior to injury, for each of the days demonstrated little recall bias, suggesting that the 6 h window may have had personal meaning to the injury patients, leading to greater engagement in the interview and enhanced ability to recall drinking [10] . In the six-country study, in the preceding texts, patients were asked about the context for both of the 6 h control periods, that is, where they were and what they were doing (activity) during each time period, and such contextual cueing may be likely to improve patients' recall of drinking, alleviating potential bias [14] .
To further examine potential recall bias associated with prior-day compared with prior-week control periods in case-crossover studies, Generalized Estimating Equation (GEE) modelling was used to predict the likelihood of reporting drinking for the same 6 h period each day of the week for a full week preceding the injury event among injured ED patients, controlling for day of the week. Differential recall by frequency of drinking and frequency of heavy drinking is also analysed. Because the prior-week pair-matched case-crossover design has become the most commonly used approach in ED studies of risk of injury related to alcohol consumption [14] , these analyses are important for a better understanding of recall bias related to the use of this control period compared with those temporally closer to the injury event and whether recall is affected by usual drinking patterns. This is the first study to examine recall bias for the same 6 h period over the 7 consecutive days preceding the injury event.
Findings here may also apply to the accuracy of varying periods of recall using other study designs in other settings, for example, the widely used Timeline Followback [20] .
Methods

Samples
Probability samples of injured patients were selected for the study by using a pre-determined sampling fraction which provided a representative sample of all injured patients in each of two hospitals in Vancouver, British Columbia (BC) and one hospital in Victoria, BC, Canada. Patients aged 18 and older and arriving at the ED within 6 h of the injury event were selected from computerised admission logs reflecting consecutive arrival to the ED. All three hospitals serve a diverse clientele in the two largest cities in BC and include inner-city and suburban populations. Data were collected at each site over a period of 16 months (December 2013-March 2015). Sampling occurred from 8:30 PM to 4:30 AM one weekend in every month, with the equivalent of 1 week of round-the-clock sampling at each site three times a year. Given the oversampling of weekend late evening/early morning hours, data were weighted to provide a representative sample of patients for all shifts and days of the week at each of the three EDs. All studies were reviewed by the appropriated Institutional Review Boards and conducted in accordance with the ethical standards laid down by the Declaration of Helsinki.
Data collection
Interviewers were trained and supervised by research staff from the Centre for Addictions Research of BC. Patients were approached with written informed consent to participate in the study and, once consent was obtained, were interviewed as soon as possible after registering for treatment. A $10 gift card was offered to patients as a token of appreciation for their time in completing the interview. Interviews were conducted in a private area of the waiting room or in an adjacent space to ensure confidentiality of responses and carried out prior to treatment, if time permitted; otherwise, the interview was completed after the examination. Patients who were too severely injured to be interviewed at that time, but who were hospitalised, were interviewed after their condition had stabilised.
Instruments
Data were collected by using a 25 min intervieweradministered questionnaire [21] , adapted from the World Health Organization Collaborative Study on Alcohol and Injury (http://www.who.int/substance_abuse/activities/ injuries/en/injuriesinstrument).
The questionnaire obtained data, among other items, on the reason for the ED visit (type of injury), drinking within 6 h prior to the event that brought the patient to the ED and during the same 6 h period for each of the 7 days preceding the injury event and quantity and frequency of usual drinking over the last year. Contextual data on where the patient was and what the patient was doing at the time were also obtained for the injury event and for the same time the previous day and the previous week.
Frequency of consumption was obtained from a question asking, across all beverage types combined, how often the patient typically drank any kind of alcoholic beverage from 'every day' to 'no alcohol during the last year', with responses collapsed to provide a dichotomous measure of ≥weekly and <weekly drinking. Quantity of consumption was measured by using the graduated frequency questions [22] which obtain the frequency of 12+ drinks on one occasion, 5-11 drinks on one occasion and 1-4 drinks on one occasion. Responses were collapsed to provide a dichotomous measure of heavy drinking based on 5+ ≥monthly and 5+ <monthly. Quantity and frequency categories used here are intended to reflect separately frequent drinking versus less-frequent drinking and frequent high consumption occasions, both of which might be expected to affect recall in consumption.
Data analysis
Emergency department patients' self-reported drinking during the same 6 h period for each of the 7 previous days was compared, with the number of recall days ranging from 1 (i.e. yesterday) to 7 (i.e. the same day of the last week). Because alcohol is more often consumed on weekends than weekdays, day of week was controlled in all analyses. First, the difference in drinking was examined between 1 day recall and 7 day recall by comparing patients for whom recall falls on the same day of the week; for example, 1 day recall for patients having their injury on a Sunday would fall on Saturday, which is the same day of the week for 7 day recall for patients having their injury on a Saturday (Table 2) . Generalized Estimating Equation modelling was then used to predict the likelihood of reporting drinking for the same 6 h period prior to the injury event for each day of the week, compared with day 7 as the reference recall day, for a full week preceding the event, controlling for day of the week (Monday-Saturday) for each of the 7 days (with Sunday as the reference day of the week). Day of the week as a potential confounder was controlled because it may be correlated with the recall day (e.g. when a larger proportion of patients are admitted during weekends than weekdays). Models also included gender (female as the reference category) and age (as a continuous variable) as covariates (Table 3 ). GEE models account for the autocorrelation data structure in the estimation procedure given that the 7 day drinking assessment is clustered under patients. Similar analysis was then conducted by frequency of any drinking (≥weekly; <weekly) and frequency of heavy drinking occasions (5+ ≥monthly; 5+ <monthly) ( Table 4 ). All analyses were performed by applying the sampling weights.
Results
A total of 1567 patients met eligibility criteria for the study, and of these, 1191 were successfully recruited, reflecting an overall response rate of 76% across the three sites. Non-interviews were primarily due to the patient refusing to participate (17%) and the remainder due to the patient's condition, not being able to locate the patient or the patient being discharged before the interview could be completed. Table 1 shows demographic and drinking characteristics for the total sample and by day of ED attendance (weekdays vs. weekends). Those arriving on weekends were more likely to report drinking prior to the event than those arriving during the week. Table 2 compares the prevalence of drinking between 1 day and 7 day recall for the two groups of patients whose recall fell on the same day of the week. Drinking was more prevalent for 1 day recall compared with 7 day recall for all days of the week except Saturday, although the difference was significant only for Sunday. Table 3 shows the results of the GEE model predicting the likelihood of reporting drinking during the 7 days of recall by the number of recall days, controlling for day of the week. The odds ratios (OR) indicate whether the patients were either more likely (OR > 1) or less likely (OR < 1) to report drinking for a given recall day compared with the seventh day (i.e. last week from the event time). The odds of drinking yesterday (1 day recall) were 1.55 times larger than drinking last week, while the odds of drinking on the second and third recall days were 37% greater than the 7 day recall (Table 3) . Drinking was significantly more likely to be reported for each of the first 3 days of recall compared with 7 day recall. Day of week predicted drinking as expected, with patients significantly less likely to report drinking from Monday to Thursday, compared with Sunday. Table 4 shows the GEE models, separately by frequency of any drinking (≥weekly, <weekly) and frequency of heavy drinking occasions (5+ ≥monthly, 5+ <monthly). Patients who reported at least weekly drinking were significantly more likely to report drinking for each of the first 3 days of recall compared with 7 day recall, with the highest odds, again, observed for 1 day recall. Larger ORs were observed for less frequent drinkers (<weekly) compared with more frequent drinkers, but these differences compared with 7 day recall were not significant for the less frequent drinkers.
Patients who reported 5+ drinking less than monthly were also significantly more likely to report drinking for each of the first 3 days of recall compared with 7 day recall, while no difference was found for those reporting 5+ drinking at least monthly, suggesting no recall bias among frequent heavy drinkers.
Discussion
The findings suggest that a shorter recall period may provide less biased estimates in alcohol consumption than a lengthier recall period. Controlling for day of the week, drinking was significantly more likely to be reported for each of the first 3 days prior to the injury event compared with 7 day recall, suggesting that bias may be operating for longer periods of recall. Two prior studies reported larger risk estimates for drinking before injury based on drinking during the same 6 h period the week prior to injury compared with the day prior, both suggesting downward recall bias based on 7 day recall compared with 1 day recall [8, 13] . However, neither of these studies controlled for day of the week. A third study, controlling for day of the week, found no significant difference between the two recall periods across six countries [14] .
Drinking was found to vary by day of the week, as expected, and was less likely to be reported from Monday to Thursday compared with Sunday, underscoring the need to control for day of the week not only in comparing time periods for accuracy of recall but also in conducting pair-matched case-crossover studies which do not use the same day of the week. There is also the possibility that, in addition to recall error, patient fatigue may have biased study findings resulting in a decreased likelihood of reporting alcohol consumption for each successive control period and may also have contributed to findings here.
When examining whether recall bias may vary across individual usual drinking pattern, frequent heavy drinkers (5+ ≥monthly) were the only group for which no recall bias was observed. Patients who reported frequent (≥weekly) drinking of any amount or infrequent (<monthly) 5+ drinking were significantly more likely to report drinking for each of the first 3 days compared with 7 day recall. For those drinking <weekly, although ORs were not statistically significant, large effect size estimates were observed (e.g. the odds of drinking for 1 day recall were more than doubled the odds for drinking from 7 day recall; OR = 2.12 in Table 3 ). This suggests that recall bias cannot be ruled out for this group of less infrequent drinkers, as the lack of significance may be due to the lower statistical power related to a smaller prevalence of drinking among this group of drinkers.
In the six-country study, no difference was found in recall across the two time periods by patients' usual frequency of drinking [14] . However, another ED study of brief intervention based on 24 h recall of total consumption using a 7 day retrospective diary found, controlling for day of the week, that deterioration in recall was significant only for sporadic drinkers but not for regular drinkers [19] . Our findings are somewhat similar to the latter study, although that study sampled only risky drinkers and regular drinkers were defined as drinking five or more days a week, while the sporadic drinkers were those drinking less than 4 days a week.
In the present study, contextual questions on where the patient was and the activity in which the patient was involved were asked for the time of the injury event, and for the same time on the day before and the week before, but not for the other 5 days of recall. Although little difference was found in the likelihood of reporting drinking in the 6 h control period across the first 3 days preceding injury, two of which had no contextual cueing, contextual cueing may be an important factor contributing to more accurate recall of drinking, along with proximity of the time when this information is elicited to the target period of drinking.
One limitation to the present study is that analysis did not include the amount of alcohol consumed either prior to injury or during any of the control periods. While data on the number of drinks consumed before injury and for two of the matched control periods (1 day recall and 7 day recall) were obtained, these data were not obtained for the remaining, intervening control periods. As noted earlier, the quantity of drinking prior to the event may be important to recall, with risk estimates found to be larger for 7 day recall compared with 1 day recall among those drinking at lower levels prior to injury (less than four drinks) compared with those reporting a larger volume during this time [8] . It is also possible that patients may have been drinking more in the 3 days leading to the injury event than in the 4-7 days prior, possibly reflecting a 'bender', and resulting in a greater likelihood of drinking during control periods temporally closer to the event period.
In conclusion, 3 day recall in the case-crossover and other study designs, controlling for day of the week, may be optimal in reducing bias related to recall. The findings here suggest that, controlling for day of the week, the first 3 days prior to injury may be less biased than the 7 day control period in case-crossover studies. The multiple-matched control period also produces more efficient and stable estimates, with smaller confidence intervals in determining risk of injury from drinking. Contextual cueing may be important in providing more accurate recall regarding drinking, as typically used in the Timeline Followback. It would be prudent, in future case-crossover studies, to elicit where the patient was and the activity in which the patient was involved for each of the matched control periods, in addition to the event period. Because, to a great extent, the field of alcohol studies including those on injury rely on self-reported consumption, future research is necessary for further elucidating those factors which enhance recall of consumption and periods which provide optimal recall, including the amount of alcohol consumed during recall periods. Future research is also important on gender differences in recall.
